Relationship between valve activity, microalgae concentration in the water 1 and toxin accumulation in the digestive gland 2 of the Pacific oyster Crassostrea gigas exposed to Alexandrium minutum. were conducted, during which oysters' valve behaviour were analyzed. Oysters, first 25 acclimated for 10-days with the non harmful microalgae Heterocapsa triquetra (H.t.) were 26 exposed to 4 microalgae mixtures at constant total concentrations of 10·10 interest in behavioral responses has two major aims: to improve our understanding of the 44 physiological impact of harmful microalgae on bivalve physiology and ecology; to test the 45 putative interest of behavioral change to detect the presence of harmful microalgae or to 46 monitor depuration processes in the field and oyster farms. However, much remains to 47 explore, both in the lab and in the field. The aim of the present study was to gain more 48 insights into the relationship between C. gigas behavior, characterized by shell valve activity, 49 concentration of the harmful microalgae A. minutum in the ambient water and accumulation 50 of PSPs in the digestive gland. 51
Among harmful microalgae, Alexandrium species are known to produce Paralytic 52 Shellfish Toxins (PSPs). Several commercial bivalve species, such as oysters and mussels, 53 accumulate PSPs by feeding on phytoplanktonic PSP producers (Oshima et al., 1990; Bricelj 54 and Shumway, 1998). PSP accumulation and detoxification kinetics, as well as 55 biotransformation of the toxins, were reviewed in Bricelj and Shumway (1998) In the oyster, C. gigas (Bardouil et al., 1993; Wildish et al., 1998; Lassus et al., 2004) and 62 mussel, Mytilus chilensis, ) an inhibition of feeding activity was reported 63 when animals were exposed to harmful Alexandrium species. In M. chilensis exposed to A. 64 catenella, the inhibition appeared to be reversible after a few days, even though exposure 65 continued, suggesting that mussels can acclimate to feeding on toxic microalgae (Navarro et 66 al., 2008) . 67
Relationships between the accumulation potential of different bivalve species for PSPs and 68 the ingestion and absorption rates were described by Bricelj et al. (1990) and Bricelj and 69 Shumway (1998) . These studies demonstrated an inverse relationship between sensitivity to 70 toxin and potential toxin accumulation. For example, the oyster C. virginica, with high nerve 71 sensitivity to PSPs, potentially accumulates fewer toxins by decreasing ingestion and 72 absorption rates (Bricelj and Shumway, 1998) . On the contrary, the mussel Mytilus edulis, 73 which has a low nerve sensitivity to PSPs, accumulates a higher amount of toxins. Another 74 level of complexity has been discussed by Lassus et al. (2000) at the intra-populational level. 75
In C. gigas exposed to A. minutum, they suggested that the variability of contamination status 76 could be related to inter-individual differences in valve and/or clearance activities. This inter-77 individual variability was used by Bougrier et al. (2003) to investigate the relationship 78 between PSP content and clearance rates of C. gigas exposed to A. minutum. 79
The objective of this work was to go further to the previous study performed by Tran 80 
Microalgal cultures 98
The dinoflagellate Alexandrium minutum (Halim, strain AM89BM) was grown in 10-99 liter batch cultures using autoclaved seawater filtered to 1µm and supplemented with L1 100 enrichment (Guillard and Hargraves, 1993 The experiments were conducted in an isolated room with minimal human activity to 116 limit inadvertent stimulation of oysters. Experimental tanks were installed on antivibrating 117 benches to minimize any external disturbance that could interfere with the behavior of the 118 oysters. Experiments were carried out with a photoperiod of 12h light / 12h dark and seawater 119 was maintained at a temperature of 16 ± 1°C. Prior to the experiments, oysters were 120 distributed randomly into eight 10-liter tanks (four tests and four controls), with four oysters 121 per tank. Oysters were maintained in the same tanks during the entire experiment to avoid 122 behavioral disturbance from handling. Each tank was individually supplied with cultured 123 microalgal suspensions using a multichannel peristaltic pump. Central air-lifts were used to 124 homogenize microalgal concentration and water in the tanks. Present experiments were 125 performed at two different total microalgae concentrations (10·10 The free ends of the electrodes were connected to an electronic apparatus composed 170 mainly of a multiplexer that switched the current every 300 msec from one pair of electrodes 171 to another, and a computer driving the apparatus via a data acquisition card (LAB PC 1200; 172 National Instruments, Austin, TX, USA), using LabView 8.0 software (National Instruments). 173
174

Phytoplankton sampling 175
During exposure periods, 1-ml water samples were collected from supply tanks, both 176 at the input and within the oyster tanks, in order to determine microalgal cell densities. without A. minutum, 220 oysters consumed 92.5 ± 4.6 % of the microalgae supplied in the tanks (Fig. 1A) , all microalgae were consumed, independent of the Alexandrium concentration in the input 225 water (Fig. 1B) . In all conditions, no microalgal sedimentation was observed and no 226 noticeable amount of feces and/or pseudofeces were found in the tanks. Similar decreases of 227 both microalgae in the mixture (A. minutum and H. triquetra) were measured showing that C. 228 gigas fed equally on both species. 229 Figure 5A and 249 C demonstrates that the contamination status was not related to the opening-duration behavior 250 prior exposure (mean value during the 5 last day acclimation period, p > 0.05). This is 251 coherent with the absence of significant difference within the whole set of reference and 252 recovery conditions (low acclimation variability). This low variability completely vanished 253 under exposure conditions. The more "responsive" animals ( Fig 5B) or tanks (Fig. 5D) , 254 identified as those showing the most dramatic differences in daily opening duration between 255 acclimation and exposure phases, were those exhibiting the highest accumulation of PSP in 256 their digestive gland ( Fig. 5B ; p < 0.0001, R 2 = 0.67). A comparison between the opening 257 duration between the acclimation period (Fig. 5A, per individual, or 5C , per tank) and the 258 exposure period (Fig. 4B, per (Fig. 4B, 4D ) but not before it (Fig. 5A, 5C ). Was the presence of 319 larger quantities of PSP in the digestive gland responsible for the longer opening duration 320 during exposure? Or, alternatively, was the longer opening duration, and incidentally a larger 321 clearance value, responsible for a larger toxin bioaccumulation? 322
323
The hen and egg problem 324
One must recall first that with A. minutum we are dealing with a paralyzing toxin, that 325
we measured it in the digestive gland following a 5 day exposure period and that its 326 Figure 5
